The effects of subchronic trypanosomiasis upon immune responses were examined in Trypanosoma gambiense infection and in subcurative treatment of T. brucei-and T. equiperdum-infected mice. About 60% of the mice infected with T. gambiense developed a subchronic infection similar to human trypanosomiasis, characterized by the absence of circulating trypanosomes. The animals died between 1 and 12 months after infection with elevated serum immunoglobulin M (IgM) levels (16 times the normal level). After 1 month of infection, the mice showed a normal primary antibody response against sheep erythrocytes, as tested by hemagglutination, despite their high serum IgM levels. After more than 1 month of infection, about 20% of the mice showed depressed hemagglutination titers (25% of control), whereas all relapsed mice that contained circulating parasites showed a pronounced suppression. Elimination of the blood parasites with Berenil treatment restored immune competence, which persisted until the relapse of the animals. Identical results were obtained in T. brucei-infected mice. Berenil treatment abolished the immune depression against sheep erythrocytes, but did not cure the animals, which relapsed with the development of a new state of immune depression. T. gambiense and T. brucei infections were always followed by a marked increase of serum IgM levels. Hypergammaglobulinemia was also induced in relapsing T. equiperdum-infected mice treated with Berenil. No immune depression against sheep erythrocytes could be detected. It appeared that immune depression was not the result of clonal exhaustion (measured by the serum IgM level) but seemed to be closely associated with the presence of living trypanosomes.
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The occurrence of severe immune depression in experimental African trypanosomiasis is now well documented. This has been shown in Trypanosoma brucei-induced acute and rapidly lethal infections (3, 10) and in more chronic infections obtained in laboratory animals with T. congolense (17, 19, 20) , T. brucei (5, 18) , T. rhodesiense (12) and T. gambiense (1) . All of these infections are characterized by the presence of circulating parasites during the entire course of disease.
However, these host parasite models are not totally applicable to the T. gambiense-human relationship since T. gambiense usually leads to a subchronic infection with rare parasites in the circulating blood.
Our aim was to study the extent of the immune depression against heterologous antigens (sheep erythrocytes [SRBC] ) in experimental subchronic infections induced in mice. The following models were used: development of T. gambiense natural subchronic disease and subcurative treatment of chronic T. brucei and acute T. equiperdum infections.
Another characteristic of African trypanosomiasis is the marked elevation of serum immunoglobulin M (IgM) levels (2, 15) and the appearance of autoantibodies directed against tissue antigens, resulting probably from polyclonal B-cell activation (3, 9, 23) . The mechanisms underlying the inhibition of immunocompetent cell function and the polyclonal B-cell activation seem to be complex (20) . Several authors suggested that clonal exhaustion might be the primary mechanism of depression (3, 9 (ii) Hemagglutination. Six days after the SRBC immunization, the mice were bled from the tail, and their sera were inactivated by heating at 56°C for 30
min. An equal volume of 1% SRBC was added to doubling dilutions of sera made in microtiter trays, and the pattern of agglutination was read after the trays stood at room temperature for 5 to 6 h.
Determination of IgM levels. The IgM levels were determined semiquantitatively by double immunodiffusion in 1.2% agar buffered to pH 8.6 as Blood parasites/mmn 10-Isdescribed by Mattern (13) . The rabbit anti-mouse IgM serum was purchased from Nordic Immunological Laboratories (Tilburg, The Netherlands). The IgM levels in the sera of infected animals were expressed as a multiple of the levels before infection.
RESULTS
Infection with T. gambiense. With only occasional exceptions, all inoculated mice developed a trypanosome parasitemia, but two types of evolution occurred. About 40% of the mice underwent an acute infection 2 to 3 weeks after trypanosome inoculation and died within 3 days, whereas the other 60% showed a few circulating parasites in the blood (Fig. 1) .
Thereafter, these mice developed a subchronic infection characterized by the absence of circulating trypanosomes in the blood, but the presence of parasites in the tissue (brain, spleen, and liver) was observed after inoculating disrupted tissues in mice immunosuppressed with cyclophosphamide (300 mg/kg). The subchronically infected animals died between 1 and 12 months after infection with massive parasitemia, and most of them manifested paralysis of the hind limbs, probably as a result of neurological disorders.
In all cases, the infection was followed by an enhanced and prolonged macroglobulinemia until the death of the animal as previously shown by Mattern et al. (16) . All infected mice showed splenomegaly, and their spleens weighed usually up to three times more than normal.
The primary antibody response to SRBC of mice undergoing an acute or a subchronic infection is shown in This was presumably due to the presence of cells producing heterophil antibodies, a commonly encountered phenomenon in trypanosomiasis (8, 14, 18) . No cross-reaction could be found between the heterophil antibodies induced in rabbits by this strain of T. gambiense and trypanosomal antigens (14) , suggesting that these antibodies are probably the result of a polyclonal B-cell activation. Polyclonal antibody production was demonstrated for T. brucei (9, 23) and T. rhodesiense (12) , inducing in mice an increase in the background PFC directed against a variety of antigens.
Relapsing mice characterized by the presence of circulating parasites, when tested 30 to 60 days after infection, failed to respond to SRBC immunization.
In contrast, mice that developed a subchronic infection with no detectable blood parasites showed a normal primary response against SRBC 1 month after infection. However, after more than 1 month of infection, two types of responses to SRBC immunization could be observed: about 20% of the mice developed depressed log2 hemagglutination titers (ranging from 4 to 5), whereas the rest of the animals showed a normal response (titers ranging from 6 to 8). The immunosuppressive effect was much less pronounced than that in mice with circulating parasites (Fig. 2) . Treatment of heavily infected mice with subcurative doses of Berenil eliminated the parasites from the blood, but the animals relapsed 1 to 4 months after treatment (Fig. 3) . No depressed anti-SBRC titers could be detected in these animals 1 month after Berenil treatment.
Both chronic and subchronic evolutions were always associated with high serum IgM levels, demonstrating that macroglobulinemia is not linked with parasite load.
Infection with T. brucei. A subchronic infection characterized by the absence of blood parasites could be induced in mice infected with T. brucei by subcurative treatment with Berenil (Fig. 4) variants developed after 10 to 15 days (Fig. 5) . The subcurative treatment of the mice at each wave of parasitemia induced a chronic infection characterized by macroglobulinemia. The moderate increase of IgM concentration in the serum induced by the first parasitemia was followed at the second parasitemia by a marked and prolonged rise of the IgM level (up to 16 times the normal level).
The primary antibody response to SRBC was tested after induction of macroglobulinemia, and no marked immune depression could be detected. As observed with T. brucei, a general increase of serum IgG levels was observed (preliminary data).
DISCUSSION
The results obtained with the different models (T. gambiense and T. brucei) clearly demonstrate that the presence of circulating parasites always induced a suppressor state. As has been shown previously (18, 21, 24) , removal of the blood parasites with a trypanocidal drug always restored immune competence.
A major question regarding immunosuppression in trypanosomiasis is the extent of suppression in subchronic infection. The presence of parasites in the tissues of infected mice treated with subcurative doses of Berenil does not seem to affect the immune response, nor could any In contrast, the most characteristic and consistent feature of human and animal trypanosomiasis is the tremendous elevation of the level of immunoglobulins in the circulation, particularly IgM (2, 15) . This implies that immune depression cannot be simply due to exhaustion of B-cell potential (3, 9) but is always related with parasite load. The mechanism underlying macroglobulinemia in trypanosomniasis has been the subject of considerable speculation; parasitederived mitogens have been described (7), and loss of a population of T suppressor cells has been suggested (11) . Recent data (B. A. Askonas, D. L. Sacks, and C. M. Grossinsky, INSERM, in press) show that a crude membrane fraction of T. brucei is able to induce a polyclonal activation in mice. The evolution of serum IgM levels in relapsing mice infected with a T. equiperdum variant and treated with Berenil indicates a priming effect of the parasites on the IgM levels. The first transitory and moderate increase of IgM, which is probably the result of a direct mitogenic stimulation and a rapid catabolism of the immunoglobulin (half-life of 1 day) (22) , is followed at the second parasitic wave by a marked and prolonged increase of the IgM level. The use of controlled infections in mice with well-defined variants could be a good model for studying the induction of macroglobulinemia and the specificity of immunoglobulins.
